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ABSTRACT 


Water-jet propulsion systems using flush inlet suitable 
for use on surface effect ships are studied. The equations 
governing the performance of the system are developed and 
incorporated into a computer program which optimizes the 
system on a least total weight basis. Resistance, displacement, 
range, speed, and other data are supvlied to the program which 
then calculates total pronulsion system weight for a number of 
jet velocity ratios. The system utilizes marine gas turbine 
engines coupled to multi-stage axial-flow pumps through 
Planetary reduction gears. Variable area flush inlets and 
constant area nozzles are used. Results for a 2000 ton vessel 
are presented and show the influence of the jet velocity ratio 
on the weignt and power requirements of the vessel. A FORTRAN 
CeCmpuver program listing 1S included. 


Thesis Supervisor: A. Douglas Carmichael 


Title: Professor of Power Engineering 





TABLES OF CONTENTS 


Title en © a ve Gene eoMenanenewaisl a6 66 66 


Abstract.scccccccccccccececeece 


Table of Contents 


List of 
Hist) Or 
Chapter 
Chapter 
thapeer 


Chapter 


Chapter 


Chapter 


Bisures and ables... 


Symbols Used in Text,. 


im Pee OQue CAT. cesar a, 
Bee SVs COM WeSC DU TOM. c.e0 ox 
3. Development of Equations, 
L, Pumps, Reduction Gears, and Engines, 


bet 
L.2 
0: 


RUINS Sreswss setae tat ave ene ret ate See latacses tor 
Reduction Cie Aig Shar vee ar eae ce 


Engines ee eee 


or Fete SS meee eitener cltele: tevone ein ecole castes 


Sip Conclusions and Recommendations, , 

mii elinie Pale QUOI Vaart acted taken aitariel eter tetcte celular” ohitera alii 6 4 40.4766 
RCA: aevrayio rele) cremate wile Ta terene (éitauis vo ors: Teco ter Sie ecealinie 6 46 #68 
peo PCI Esme sne ess ccelelsiclsieve elses ¢ a's es clcisls 0 a 04 04 6 6 5% 
Mocwmumona be Lieu Data... .% 6 << se 


Appendix A. 
Appendix B. 


Appendix C. 


Mitel mOrwea mM. Vara les . 5s «ussite acs sded + eee es 


Sampbewca Veula Grones ..4 


Computer Program Description and 


iste tacmG mCle oes cnecee. w terie ¢ eteve rea eis ah eon 


Program IES NGT a Vo hi i rate a ee er ra ar 





Figure No, 


10 


11 


2 


uD 


ElSteOr EiCuURES 


Mick le 
General configuration of an SES 


Variation of drag with vessel speed and 


IivGieiwo,aral ratio for surtace effect ships 


Propulsion system arrangement 


inletearac coOcttiecrent tor varying aspect 


ratio inlets 


Design speed overall internal efficiency 
for varying aspect ratio inlets 


Hump speed overall internal efficiency 
varying asvect ratio inlets 


Total inlet system weight coefficients 
for varying aspect ratio inlets 


Hump speed overall internal efficiency 
tem ee, aspect ratio inlets 


Total inlet system weight coefficient 
for 2.5 aspect ratio inlets 


Design speed overall internal efficiency 
Hore, ) aspect ratio. inlets 


Mile tedrac  cOctticiens tor 2.5 aspect 
ratio inlets 


Variations of propulsive coefficient 
with jet velocity ratio 


Correlation of Dudley's method of 
estimating reduction gear weight 
Pistec! TABLES 


CONlLUTE EROS OUTPUD POR sJZT VeaLOCITY 
RATIO =1.946 ; 


COtmmmruT=R OUTPUT FOR VARIOUS JET VaLOCITry 
aoa JE COS. 


Page 
37 


38 
De 


4.0 


41 


42 


75 


Ay 


1 


46 


47 


48 


49 


50 


4 





Ha 


he 


Hsv 


piwoeoo Use IN TREAT 


Jet area 20 F 
Pump inlet area lat 
Ratio of entering water's 
momentum velocity to ship's 
velocity V,/V, 

Acceleration coefficient 

Pump blockage coefficient 

Inlet drag coefficient 

Pump length coefficient 

pump length over pump 


inlet diameter 


Weight coefficient used 
POrteve ule iNiley and pump 


Inlet system drag lb 
Acceleration due to gravity ft/sec’ 
Difference in height between fea 
outside waterline and diffuser 
exit 

Atmospheric pressure head feat 


Height of diffuser exit 1a 
above inlet 


Head loss between diffuser ft 
Cxae and pump inlet 


Height of pump above inlet a 
Change of head across pump ft 
Head at enterance to pump ft 


Head at pump exit : 
Heat atc diiruser “exit ae 


Net positive suction head 1.4 


- 5- 





HP 
p 


Horsepower delivered to 
the water 


K-factor of reduction gear 
Length of pump 
Reduction gear ratio 


Reduction gear input pinion 
RPM (ie engine RPIi) 


horsepower 


ft 


RPM 


Suction specific speed RPM(gal/min)*? 


Vapor pressure of Water 
Propulsive coefficient 
Flow rate 

Reduction gear Q-factor 
Ship's resistance 

Pump hub radius 


Ratio of pump hub radius 
ter pleade tip radius 


Pump blade tip radius 
Pump or engine RPij 
Specific fuel consumption 


Required engine power output 


aes 

Time interval 
Blades tip velocity 
jeu velocity 

Jet eeu Rau 10 


Momentum velocity of 
entering water 


Ship's speed 


ny ee 


ete ld 


Lae 
ft/sec 


1b 


ft 


1Ray 
RPM 
lb/HP-hr. 


horsepower 


Lb 
hr 
ft/sec 


ft/sec 


ft/sec 


ft/sec 





Velocity of water 
entering pump 


Pump weight 

Weight of inlet system 
Reduction gear weight 
Weight of water in pump 


Density of water 


PUMpEloOw  Ceetlici1ent 
Purp head coefficient 
Pa 

Gear efficiency 
Nozzle efficiency 


Inlet system overall 
io Gernal Cit veveney 


Inlet system overall 
internal efficiency 


feacorreected tor heiezht) 


Eine tbe ten y 


ft/sec 


ie 
Lb 


ile 


sive Ae 


oe 





Pe VT RODUCTION 


Vessels wholly or partially supported by a cushion of 
air are described as “surface effect ships". Recently, this 
term has evolved through usage to the point where it is used 
when refering to rigid sidewall captured air bubble vehicles, 
while vessels with flexible Sidewalls are termed “air 
cushion vehicies", The rigid sidewalls together with flexible 
end seals enclose the air cushion on the SES. iost of the 
vessel's weight is supported on this cushion with the air 
being supplied by lift fans. The general configuration of 
the SES may be seen in figure ile 

By lifting the vessel's hull partially out of the water 
on an air cushion the resistance of the vessel is greatly 
reduced and the craft can be operated at high speeds with 
reasonable power requirements. There iS no one typical drag 
versus speed curve for surface effect ships as the resistance 
depends on many factors including length to beam ratio, 
cushion pressure, Sidewall length, sidewall width, and the 
amount of the frontal area. The effect of varying the length 
to beam ratio can be seen in figure 2. In general, it can be 
Said that surface effect ships have lower resistances than 
conventional vessels and in many cases they have lower resist- 
ances than hydrofoiis. fhe high length to beam ratio SSeS has 
a lower drag over a wide range as shown in figure 2. Thus 
a high length to beam ratio SES might be used for vessels 


operating at speeds between 35 and 60 knots and lower length 


Oe 





to beam ratio ships would be used for operations above this, 

One of the major problems with surface effect ships is 
their propulsion systems. Operating at speeds over about 60 
knots eliminated the possible use of conventional propellers 
ate tO cavitation, sir propellers, although efficient, take 
up much deck space and present a personnel hazard. In addition, 
they are not very efficient at low speeds and their weight is 
hign. Supercavitating propellers can be efficient eet they 
are noisy, they vibrate, and their operation in a seaway is 
uncertain. wWater-jet propulsion systems are not very 
efficient but relatively simple, reliable, and flexible. The 
pumps, gears, and engines may be placed higher in the ship 
eliminating the need to widen the sidewalls. Thus the vessel's 
drag can be kept low. In addition to their poor efficiency, 
the weight of the waterjet system is a drawback... The water 
in the system is a Significant factor in this weight. 

The subject of this paper is the water-jet propulsion 
system for surface effect ships. The emphasis is on the weight 
and efficiency of the system. The final objective of this 
thesis was to develop a computer program which would select 
the optimum system for a given SES. The selection procedure 
for the system is based on least total weight including the 
PicimeeedvuareastOr a fiven endurance, Specifically, the study 
was done for the U. S. Navy's contemplated 2000 ton 80 knot 
SES but the resulting program may be used for a number of 


Gifferent vessels. Previous studies have been made on water- 
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jet systems for hydrofoils (see references 2,3, and 4) and 
much of the information contained in the previous studies 
was used for the pump and engine segments of the program, 
The concentration in this paper is on the flush inlet system 


which may be used for the surface effect ships and is not 


meplicaple to the hydrofoil, 


asf Oe 





Come > TEM DESCRIPTION 


The water-jet propulsion system for a SES is made up of 
eight components: the inlet opening and associated fairing, 

a movable ramp, the diffuser, the pump, the reduction gear, 
the engine, the nozzle, and necessary piping, aS Shown in 
figure 3. The inlet is described as being flush since it 

lies in the same plane as the bottom of the hull. The primary 
concern here 1S to minimize drag while bringing the water into 
the hull. The curvature of the leading edge and the raduis 

of the lip are important parameters in this respect. To 
prevent separation of the flow the leading edge curvature 

must not be too sharp. At the same time, too shallow a bend 
results in heavier systems. The lip radius should be made 

as small as possible to minimize drag but is constrained by 
several factors. Cavitation prevention, debris damage 
resistance, and the possible need to place sensors near the 
lip put lower limits on the lip size. The inlet ratio (the 
ratio of the inlet width to inlet height) also effects drag. 
With low aspect ratios having lower drag. At the same time, 
the smaller aspect ratio inlets may require longer and heavier 
mransitaon sections after tne diffuser. 

The movable ramp opens the inlet at low speeds to allow 
more flow througn the system. The variation ai area depends 
on the drag characteristics of the vessel, the operating speed, 
Ene jec Velocity ratio, and other factors. In the 2000 ton 


vessel example, the power requirements at hump speed and at 


ees a hee 





cruise are nearly the same, and the required flow rate of 
water is nearly the same. Thus, the ratio of the inlet area 
at hump to area at cruise should be about equal to the ratio 
of the ship's velocity at cruise to the velocity at hump. 

The diffuser, downstream of the flush inlet, slows the 
flow down to prevent cavitation at the pump. Diffuser design 
is crucial to the system. On one hand a shallow diffuser 
angle is desired to minimize losses and on the other a shallow 
angle increases the diffuser length and consequently the weight 
of the system. Appendix A gives data for the diffuser used 
im the study, Additional information on the inlet, diffuser, 
and other design aspects of the system can be found in refer- 
emcee L. 

The pump used in the study consists of an inducer stage 
followed by one or more axial stages. The flow coefficient 
of the inducer stage was set at 0.15 to give diffuser ratios 
Similar to those for which data was available in reference 1. 
It was further assumed that there would be one engine per 
pump and that all engines and pumps would be identical. Since 
it was assumed that each engine would drive a single pump and 
because of their light weight, planetary reduction gears would 
be used, Further details of pumps, gears, and engines will be 
presented in chapter 4, 

The nozzles and additional piping of the system is not 
Mensidered in detail in the program. Provision for their 


weights is made but other than allowing for an assumed nozzle 
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efficiency and the difference in height between the diffuser 
outlet and the pump, the head losses are ignored as being 


small compared to the remainder of the system. 
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Oe PEVEROPMENT OOF EQUATIONS 


A waterjet propulsion system produces thrust by increasing 
the momentum of the ingested water. Thus the thrust developed 


is given by: 


pie detining C = Wea the 


eon = Ce (2) 


In steady state the thrust must equal the total resistance of 
the ship which is the resistance of the hull plus the drag 


caused by the propulsion system. Or, 
T=R+D (3.3) 


Reference 1 gives the drag of the inlet system in terms of a 


drag coefficient, Che Thus, 
D = Cpav,e/2 (3.4) 


Figure 4 shows the drag coefficient versus speed curves for 
varying aspect ratio inlets. 


Combinane 3.2; 3.3, and 3.4 yields 
PACV«/V, - C)V, = R + Cpavye/2 (3.5) 


When the vessel is accelerating (such as over the hump region) 
the thrust must be greater than the total resistance. Or, 


letting C, be the acceleration coefficient, 3.5 becomes: 


A 
OE Meee) ena (ke teCp OV €/2) (3.6) 


sete a 





Where C, > 1. Equation 3.6 can then be solved for Q. 
Q = C,R/eV, we -C - C,C)/2) as es) 
Since the power delivered to the water is given by: 


HP = H,Qee/550 (35.8) 


and Q is given by equation 3.7, only an expression for Hos 
the head across the pump is needed. 

Reference 1 defines the overall internal efficiency of 
the system (Noa) as a measure of the head recovery between 
the inlet and the diffuser outlet. Figures 5 and 6 show 
Noa' versus vessel speed for the varying aspect ratio inlets. 
These curves are Np, for Pion teearoudewmumber sor dattusers 
whose exits lie in the Same plane as their inlets. In the 
actual case, these efficiencies must be corrected for the 


change in elevation between inlet and outlet. The corrected 


efficiency is: 
= 1 - n/v</2 (3.9) 
on = Noa: m/ “8° 
Mmirererore, the total head at the diffuser outlet is: 
2 
and the head at the entrance to the pump is: 


fod = Ny - a to MNep (Cort 1.) 


Assuming that the nozzle is at the same elevation as the 


pump and ignoring the nozzle efficiency, the head at the 


Eire 





exit of the pump is: 


2 
H =V./2 ae 
p2 j/ g (Gee) 


Baaciois 3.10, 3.11, and 3.12 can be combined to get the 


head rise across the pump. 
= Vv" /2 v“/2 + h nh h (3423) 


Making the assumption that h 3 (the loss between the diffuser 


lis 
outlet and the pump entrance) is small compared to the other 


terms and letting Dy _ ins be h, 3.13 becomes: 
SY )° * Noa) Vo/2 i4) 
HL = (V/V) - © Rog) Vo/2e +h (3. 


SOmoioStitutlae® 3,7 and 3.14 imtoo 9.6 fives 


. 2 2 Zz 
= L : = + 

HS CARY, Ce) C Non 2ng/V .) 

—— (3.15) 
(S50) (2) Wa, = = esa) 
The shaft horsepower required is then: 
Shee he (3. is) 
p/ 28,4, 


The propulsive coefficient is defined as the thrust divided 
Dy the shaft horsepower. Incorporating the gear and nozzle 


efficiencies into the pump efficiency PC becomes: 


pe = ee pV. JV -C- C,Cp/2 + CC / (2V.)) 
2 
((Va/V,)" = Coy, + 2he@/Vo) (3617) 


By taking the derivatives of 3.15 and 3.17 with respect to 
een ee 





bey - and setting the results equal to zero expressions can 
Be round for the velocity ratios for which the required 
horsepower is minimum and the propulsive coefficient is 


maximum. These are 
pe Bee CC 2 te 4 1C0472)> = Co Ih, + 
Jo Oo AD AD OA 
Z 
Ze Ne (Genie) 
for minimum power and 
V/V, =C + CC. /2 - C,Cp/2V, + 


2? 2 
(C + C,C,/2 = C,C./2V,) = ¢ Con + 2ne/V | 


le) 


for maximum PC. Because of the definition of PC the minimum 
power does not occur at the maximum PC. The two velocity 
ratios are close enough, however, that either can be used in 
connection with equation 3.15 to estimate the power required 
by the Sf. 

As shown below, the problem is not as simple as just 
using these equations to predict requirements. Once a jet 
Melocity ratio at cruise is selected from equation 3.18 or 
3.19 the flow rate through the system 1s determined from 


equation 3.7 and the area of the jet is: 
A. = ; 
fo OT), (3.20) 


mien using @ constant area jet, Q equals the jet area times 


ie 





the jet velocity and equation 3.6 can be used to solve for 


mieejet velocity ratio at hump. 


(Ve7 yo Hampe= .50 + C,C_/4 > 
(80 = C4 /)* + 0,R/(PA.VQ) 


(3.21) 


Where all terms are at the hump speed. The jet velocity 
ratio is then used to determine the flow rate, head rise 
across the pump and the horsepower required by use of 
PaMacionsS 3.7, 3<0, and 3.15 respectively. The use of a 
constant area jet links the two velocity ratios together 
and it is possible that by uSing the power optimum jet 
Pemociny Gabio at cruise wall result in a velocity ratio 
at hump which is far from the power optimum at hump. In 
fact, with a given set of conditions there may be no possible 
Het velocity ratio, at which the Ship is both able to 
accelerate over the hump and able to cruise at the desired 
speed. In this case, either the cruise speed or the 
acceleration margin would have to be reduced or larger or 
more engines would have to be used. Appendix B presents 
a sample calculation using the above equations and figure 
me shows the variation of propulsion coefficient with jet 
welocity ratio and the range of velocity ratios which may 
be used for this example. 

The weight of the inlet system including the water up 


to the diffuser outlet is given in reference 1 as: 


Pe ts ae 


Wo= 0-2 (3.22) 


Values of om versus speed are shown in figure 7 for the 
varying aspect ratio inlets. The weight given by equation 
3.22 represents the total weight of the system including 
Etructure, ducting, and water. Additional ducting such as 
the transition pipe, pump elbow, and nozzle pipe are not 
included. As can be seen from equation 3.7 the flow rate 
decreases with increasing jet velocity ratio. Thus the weight 
of the inlet system will decrease with increasing velocity 
ratio. Since the propulsive coefficient versus velocity 
ratio curve is relatively flat for high velocity ratios it 
Should be anticipated that the lightest system will have a 
mich jet velocity ratio. 

As was mentioned previously , the aspect ratio is the 
ratio of the inlet width to the inlet height. As used here 
the term “varying aspect ratio" inlets means those with 
aspect ratios equal to the sytem's diffusion ratio. Other 
inlets are termed "fixed aspect ratio" inlets. The varying 
aspect ratio inlets in general are more efficient and lighter. 
The movable ramp is greatly simplified by using diffusion 
ratios equal to the inlet aspect ratios. The area is varied 
by moving the roof of the inlet. Thus, in general it is 
desirable to use the varying aspect ratio inlets. In some 
cases, this will not be possible due to sidehull width con- 
eiraints. That is, using an aspect ratio equal to the 


mr tusion ratio could result in an inlet width which would be 


oa | oe 





as wide or wider than the hull. In these cases smaller 
aspect ratios must be used, Reference 1 presents data 
on 2.5 aspect ratio inlets and it is repeated in figures 


peo, 10, and 11, 
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4, PUMPS, REDUCTION GEARS AND ENGINES 


4.1 PUMPS 

The pumps considered for use in SES water-jet propulsion 
systems are centrifugal and axial flow pumps. Since the 
available data on the inlet system is for systems of 10,000 
to 40,000 horsepower and the head rise, flow rate, and suction 
Specific speeds required in the system are all high, it appears 
that axial flow pumps are better suited for this application. 
Previous comparisons of axial flow and centrifugal pumps in 
water-jet systems (ref. 2) having nearly the same requirements 
Show that the centrifugal pumps are usually much heavier and 
their placement in the system is much more complicated. 
Generally multi-parallel stages are required and the associated 
gearing, Shafting, and ducting 1s complicated and heavy. 
Centrifugal pumps are, therefore, not conSidered in this paper. 

Two factors affected the choice of axial flow pumps used 
in this system. First, the data presented in reference 1 was 
based on a specific pump. This was a pump whose inlet flow 
eoefficient is 0.15 and could operate at suction specific 
speeds of up to 16,000. Because the system's diffusion ratio 
depends on the pump flow coefficient and the inlet system 
data was presented for specific diffusion ratios; the use of 
O.15 for the flow coefficient was dictated. The suction 
Specific speed is the second factor. Although pumps have been 


built and operated at suction specific speeds as high as 


eo 





26,000 it was decided to limit the pumps in this system to 
16,000, as being more reasonable. The pump assumed in the 
calculation procedure is constrained to operate below a 
specific speed of 16,000. | | 

The above limit does not guarantee that the pump will 
be cavitation free at hump speeds. Reference 5 presents data 
on a pump operated up to a suction specific speed of 26,000. 
It points out that although the pump had good preformance 
characteristics up to this speed, cavitation was present at 
about a suction specific speed of about 3,800. Cavitation 
normally occurs first on the inducer stage. In general, 
however, the inducer still produces enough head rise to keep 
the remaining stages from cavitating. Thus, when more than 
one stage is used the ree of the pump is not greatly 
effected by cavivation on the inducer stage. It is therefore 
indicated that the pump may very well cavitate while the 
vessel is accelerating, but that there should be no major 
loss in performance. 

Besides loss of Dump performance in a cavitating regime 
possible pump damage must be considered. This damage depends 
boty on tne extent of Cavitation and on the length of time the 
pump ig operated in this consition. Ilore extensive test data 
on pump deterioration is desirable. A study on the dynamics 
of a surface effect ship using a water-jet propulsion system 
was undertaken by Bruce (reference 6) and shows the accel- 


eration characteristics of the vessel. Although his results 
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show a long acceleration period before the vessel reached 
cruise speed (about 4 minutes), the period of time spent in 
Pieehump refion is quite short (about .5 minutes), ‘This 
suggests that some cavitation can be tolerated. | 

Using high suction specific speeds leads to high pump 
speeds (RPI). Consequently, small reduction ratios are 
needed and weight 1s saved in the ‘reduction gears. The RPM 
is limited indirectly by the maximum allowable blade tip 
speed. In this instance, the maximum tip speed is limited to 
200 feet ver second, 

The head coefficients for the pump were setat 0,41 for 
Gene inducer and 0.3 for the following stages. In an actual 
pump design, the inlet flow coefficient and the head 
coefficients cannot be simply arortrarity selected, Pumps 
have been built which have coefficients approximately equal 
to these so they are considered reasonable even though they 
may not be the optimum for all designs. Since the methods 
of estimating the weight of pumps do not correspond very well 
to weights of produced pumps, using slightly different 
coefficients to estimate the pump size Should induce very 
little additional error in the total system weight . Users 
of this program should be cautioned to ensure that their 
particular pump requirements are reasonably satisfied by the 
pump design used here. 

Knowing the flow rate and head rise through the pump 
from equations 3.7 and 3.13 the pump design proceeds as 


Follows. The flow coefficient relates the axial velocity 
eee 





of the entering water to the blade tip velocity. 


and the head rise coefficient relates the head rise across 


ine pump to the blade tip velocity. 


Y = gH, /U, (4.1.2) 
uSing equation 4.1.1 with @= .15 and U, equal to its maximum 
permissable value of 200 ft/sec, V, is found and then ry is 
found by: 
r, = @/V (1 - (r//r,)* (4.1.3) 
ie Z ea oe 


2 
Since the inlet area of the pump is a(x, ~ ry) Knowing 
a and oe sets the pump RPM (RPM = 30 Us/mr,). The suction 


Specific speed is then calculated by: 


5 


N_ = RPM aya! (4.1.4) 


S 


Where Q is in gallons/minute and se is the net positive 


Suction head 
H =H +H =e (Gee leeeo.) 


If N, exceeds 16,000 the tip velocity is, reduced and ra, RPM, 
and N, are recalculated until ie Poeedual to. or less than 
Ho ,000. 

The efficiency of the pump at the design speed is asSumed 
to be 91.5% for a pump whose diameter is 3.66 feets. This is 


the same at what is used in reference 2, AS in reference 2, 
ie) ae 





merev molds Number correctaon is applied for the actual pump 
diameter to determine the pump efficiency. This efficiency 
is then used to find the propulsive coefficient at hump speed 
and the required shaft horsepower iS calculated and compared 
to the available SHP. If the required SHP is less than or 
equal to the available power the vessel will be able to 
accelerate over the hump (the acceleration coefficient is 
included in the required power) and the design may be 
continued. If not, the pump blade tip Speed can be reduced, 
This increases the pump diameter and, therefore, the 
efficiency. It also encreases the head coefficient of the 
pump according to equation 4.1.2. The number of stages is 
determined from the resulting head coefficient. That is, the 
inducer is allowed a héad coefficient of 0.41 and each 
Subsdguent stage 0,30. 

The off design point pump RPM and efficiency are found 
in the same manner as preSented in references 2 and 3. That 
is, the pump head, efficiency and RPM characteristics are 
assumed parabolic. The coefficients used are the Same as 
mieose in reference <2 and the characteristics for two or three 
Stage pumps are aSsumed to be identical. After finding the 
efficiency and RPii at the cruise speed, the propulsion 
coefficient, required power and blade tip speed are found. 
The required power iS compared to available power and the 
blade tip speed is checked against the 200 ft/sec limit. If 
either of the above are unacceptable, the blade tip speed 


at the hump speed is decreased and the entire procedure is 


225 





repeated. The pump dry weight is calculated by the equation: 


2 8 3 . 
= (000) COS eL ae) 
d W 


and the weight of the water in the pump by: 


W, = CAL eg CES) 


Where C. is a blockage coefficient and Lys the pump length is 


given by: 
D (4.1.8) 


In general, increasing the pump diameter or decreasing the 
blade tip speed increases the pump efficiency slightly and 


greatly increases the pump weight. 
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4.2 REDUCTION GEARS 

It is assumed that planetary reduction gears will be used 
in these systems. Since the LM 2500 gas turbine which is 
being considered for use on the United States Navy's 2000 ton 
SES puts out a maximum of 22,500 shaft horsepower the gears 
must be capable of transmitting this. The feasibility of 
planetary gears of this size has been demonstrated by a 
40,000 SHP gear built by Curtiss-Wright. 

The weight of the reduction gear is estimated using the 
Dudley method. The weights obtained from this method correlate 
well with existing gears. Two factors (K and Q) are used in 
the method. An important portion of the tooth stress is 
Broportional to the square root of the gear’s K=-factor. The 
range of K-factors which are reasonable for use on surface 
effect ships is between 400 and 800. 


The second factor, Q, is defined as: 


Q = HP (m., + 1)? /71,, ee ik) 


Where M,, is the reduction ratio, ny is the speed of the input 
pinion in RPM and HP is the shaft horsepower. In effect, this 
definition relates the gear's required geometry to the weight. 


The resulting weight equation for planetary gears is: 
P = "9500 0/K (4.2.2) 


Figure 13 shows the weight correlation for a limited number of 
gears. The weights given by 4.2.2 include the gear, casing, 
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Pil reservoir, O41] pump, and stub shaft but not the oil or 


necessary foundation. 
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4.3. ENGINES 

Gas turbine engines designed for or modified for marine 
use may be employed in oe systems. Although high speed 
diesels may be used, in general they are heavier and have not 
been considered, This may not be a valid assumption in all 
circumstances when the total system is considered. Some gas 
turbines have very poor specific fuel consSumptions and the 
added weight of required fuel may offset the engine weight 
saved by uSing the lighter weight turbine. The twelve engines 
used in references 2 and 3 are again used here with the same 
Sharacteristics. That 1S, normal SHP, maximum SHP, specific 
fuel consumption, shaft RPM, and engine dry weight are inputs 
to the program, AS in references 2 and 3 the specific fuel 
consumption is assumed to vary with the ratio of SHP to normal 
SHP raised to a power, n. The value of the power, n, changes 
when this power ratio is 0.7. Since the pump RPMs at cruise 
and hump speed are determined by the pump design as are the 
power Pemwd aonee. it is assumed that the engine can develop 
the required power at the corresponding shaft speeds. No 
consideration of the engine's power versus RPM characteristics 
is made, These assumptions may not be valid for all engines 
or all operating ranges and once again the user is cautioned, 

thesiue yeoreumpurom 216 found by dividing the endurance 


time into steps. The fuel required for each step is: 
Wp = (SFC) (SHP) (+) (4.3.1) 
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When the weight for one time period is found, it is subtracted 
from the vessels weight and the resistance of the vessel is 
recalculated using a constant lift to drag ratio. The 
resistance of an actual SES-will not vary in this way but will 
Mecrease aS weight is removed (L/D will not be constant. 
Reference 7). To show some decrease in resistance and because 
© the fact that the weight of the fuel used by the TG Lans 
is ignored in the program, the above assumption seems reason- 
ele, Accounting accuravely for the lift fan fuel and the 
decreasing resistance of the vessel would be possible but 
extremely complicated. On the other hand, since the fuel makes 
up a substantial amount of the total ship weight its expenditure 
is Significant. 

Since the jet area-is fixed, Q = Weds and equation 3 


and can be solved for Vie Ris the new resistance after the 
fuel is removed. Then assuming the pump efficiency remains 
constant, tne shaft horsepower required is: 


og Onan 


2 2 
(V./2g - Vi Noi/2e - h) 
sHp= 3) 3 ae 


CES aS 
SO ANS Mveattle 
mre fuel required for the next time interval is calculated 


using this horsepower, 
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Table 1 is output from the computer program for the 2000 
ton 80 knot test case and for jet velocity ratio equal to 
1.9463. Table 2 shows a summary of data for the same vessel 
and a variety of jet velocity ratios. 

In the weight summary it should be noted that the inlet 
system and the fuel (1000 mile range) make up 86.7% of the 
total system weight. In addition, the inlet system's drag 
makes up about 7% of the total resistance. In this run the 
pumps were assumed to be at the same height as the diffuser 
outlet and, therefore, the additional water weight is zero. 
Based on the assumptions in chapter 4, the transition pipe 
would add about 3,130 pounds of water for each foot which 
the pump is elevated above the diffuser outlet. Therefore, 
even a 10 foot difference would have little effect on the 
total weight. Since the engine (LM2500) used in this case 
has an eae specific fuel consumption (.41 at normal 
horsepower), the fuel weight represents a minimum weight. 
it 126 Goubtiul that any Significant saving in weight could be 
made by uSing high speed diesel engines or any other turbine. 

The pump flow rates at cruise and hump speeds are nearly 
identical as are the pump heads. This results in nearly 
equal efficiencies at the two conditions. The pump runs only 
about 40 RPM slower at cruise speed than at hump speed and 
because of the high pump speed (about 1200 RPM) a reduction 


Beameratio of only 2.79 1S required, The resulting reduction 
mE lee. 





gear is lightweight. The required engine speed and horsepower 
changes between hump speed and cruise speed correspond well 
with the engine's performance characteristics. 

The inlet data shows that the movable ramp must move 
about 1.72 feet to admit the necessary flow at hump Speed, 
This seems reasonable. It should also be noted that the width 
Bf the inlet is 4.17 feet. This should cause no problems in 
the design of the sidehulls. The required aiffusion ratio 
is 4.0164 and the data used in the program was based on a 
gitfusion ratio of 4 for an 80 knot ship. 

The summary of data for various jet velocity ratios 
(table 2) dramatizes the affect which the velocity ratio has 
oa une Wwelght ratio, propulsive coefficient, and power 
requirements. The maximum propulSive coefficient occurs at 
velocity ratio equal to 1.8263 as does minimum cruise horse- 
power. According to equation 3.19 the propulsive coefficient 
should be maximum at jet velocity ratio equal to 1.8063. In 
the developement of equation 3.19 it was assumed that the 
pump efficiency is indepencent of jet velocity ratio. In the 
program the pumo efficiency is dependent on the velocity 
ratio and as a result the maximum propulsive coefficient 


meecurs at a higher velocity ratio. 
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6, CONCLUSIONS AND RECOMMENDATIONS 


The high weight of the water-jet propulsion system is a 
drawback to its use. The water in the system and the required 
fuel make up the largest portion of the weight. As can be 
seen from the results presented previously, using a higher 
jet velocity ratio reduces the weight of the system without 
seriously affecting the overall propulsive coefficient. In 
most cases it appears that to obtain the least weight system 
the velocity ratio should be set at its highest possible value. 
This limit occurs when the power required to accelerate or 
cruise exceeds the available power. 

The low erficiency of the system contributes to the high 
Mewent Of fuel, Only about 7% of the total drag of the vessel 
is due to the inlet system. Although it may be possible to 
meduce this through the use of a better design, little saving 
of weight would be achieved. An increase in the overall 
maternal efficiency of the diffuser will result ina lighter 
system. However, a 10% increase in the internal efficiency 
will result in less than a 1% increase in the propulsive 
coefficient and thus reduce the system's weight. 

In summary, it appears that although some improvements 
may be made in the flush inlet water-jet system, the saving 
ma weisht will be Small. The drag of the inlet, the internal 
efficiency of the diffuser, and the pump efficiency may be 
improved, The drag is already low and the efficiencies are 


high, so little improvement should be expected. 
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More experimental data on inlets and diffusers is needed, 
As is more data on axial flow pumps. This data should then 
Be siicorporated into the computer program. it is also 
recommended that the weight of the lift fans and their required 
fuel also be added to the program, along with a more accurate 
method of predicting the variation of drag as weight is 
removed. An arrangement feasability study is also needed, 
The effects of splitting the flow between the pumps should be 


included in this. 
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APPENDIX A 


ADDITIONAL INLET SYSTEM INFORMATION 

Reference 1 1s a report on calculated performance of 
flush inlet systems. It is a study of how various system 
parameters affect the inlet system's performance. The para- 
meters studied include: the ship's hump speed and design 
speed, flow rate through the system, variable area factor, 
lip leading edge radius, aspect ratio, diffusion ratio, 
diffusion schedule, sidehull geometry, and the ratio of 
ielet width to fairing width, 

The results of the study show that the most important 
factors affecting the inlet drag are the lip leading edge 
radius and the variable area factor, The leading edge must 
be sized to prevent cavitation and the onset of cavitation 
is determined by the velocity of the entering water. Since 
mie velocity 1S in part controlled by the area of the inlet, 
the variable area factor and the lip leading edge radius are 
coupled. The inlet aspect ratio also affects the inlet drag, 
with smaller aspect ratio inlets having lower drag coefficients. 

The internal efficiency is greatly affected by the diffuser 
schedule. Theschedule used here is as follows: 


Pies 20) perce t ; 
of length Dat fusion = 6 


ZO to. 7 > bercent 

of length Diffusion = 6° + 12°x(p-20)/75 
Vento 200 cercens S 

of length Pirrascitons=110 x(100=p)/5 


SRC ee 





Where p is the pecent of total diffuser length measured 

from the inlet opening. The use of a smaller diffuser angle 
will result in higher efficiency but longer and heavier systems. 
ihevinvernal efficrency at hump ereconiencase- with increasing 
hump speed. 

The study covers cruise speeds between 60 and 100 knots 
and hump speeds between 15 and 35,knots. In general, the 
vessel's speed has very little influence on the system's drag 
and efficiency coefficients. The results of the study indicate 
that the performance coefficients of the system are only 
Slightly affected by jet velocity ratio or by power levels. 

The power levels considered are between 1,000 and 40,000 
horsepower. 

imo Noulcd ebemnoOued = tnd wie resultSeare based on 2a 
minimum amount of data and apply to specific designs. They 
Should be used only for designs similar to the one assumed 


here. Future data may widen the range of application. 
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eee UX os oA bes CALCULATION 


The following sample calculation of the computer program 
ms based on a ship having the following characteristics: 


Resistance = 230,000 pounds at GO knots 


been UOP pounds at 30 Knots 
Displacement = 2000 ton Range = 1000 miles 


6.5 feet. 


Diffuser outlet height = pump height 
Height of waterline = 2.0 feet. 
Inlet aspect ratio is variable. 
Six LM 2500 gas turbine engines are used, 


ine acceleration coOeci ficient at hump is 1.2. 


From sSubroutane SESIN CDIN1 = ,1399 

ETAL = .57535 

ie oS 

CWIN = 4,9 

Ce=ss9Ce 

Ole me=-(e Omi ooo) = 1195, bt /sec 
VOKZ) = Ot Sec 
COR1 = (4.5)(2)(32.2)/(135)(135)(.984) (984) = .0164 
CORZ = all heee 
ETAOA(1) = .5735 - .0164 = ,5571 
EPNOw 2) = = ,577 


The portion of the program which compares the number of engines 
required uses the velocity ratio for maximum propulsive co- 


errficient. 
FACT = .984 4+ .1399/2 - .1399/(2) (135) = 1.053 
VIVO (1) = 1.053 +7(1.053)(1.053) - (.984%)(.984)(.557) 


Sena 





Tivol je=——).606, ) Which is the velocity ratio for maximum PRC, 
Using an assumed pump efficiency of .9, PRC is: 


PRC 


iH 





= ,487 

The power required must be less than or equal to the available 
power. The required power iS: 

(230,000)(135) + (.1399)(230,000)/(2(1.806 -.984 -.1399/2)) 

= 3,112x10’ ft-lb/sec. 
The avalable power is: 

(22,200)(.487)(550)(6) = 3,.56x10! ft-1b/sec. 
Therefore, six engines are sufficient to power the vessel at 
cruise speed, Having determined this, the program would 
subtract a designated amount from VJVO(1) and call subroutine 
PUMP. Since the least weight system in this example occurs at 
VIVO(1) = 1.946, this velocity ratio will be used for the 


sample calculation of subroutine PUMP. 


Q(1) = 230,000/(1.99) (135) (1.946 - .984 - .1399/2) 
oS Be 08 
AJET = 958/(1.946)(135) = 3.655 ft 


PGi sete 1 509) J) = 54199 
VIVO(2) = .54199 + }(.54199)4 + 1.2(320,000) 5 
1.99 OG eye, 50.7) 


= 5,14 
Q(2) = (3.655)(5.14)(50.7) = 950 ft/sec. 
QQ(1) = 958/6 = 159.5 £t?/sec/pump 


QQ(2) = 158.4 £t?/sec/pump 


| 
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HPP(1) = ((1.946)(1.946) - (.984)"(, 5571))(135)7/64.4 
=~ Oat « 
HPP(2) = ((5.14)(5.14) = .577)(50.7)°/64.4 
Siete 
HSV(1) = 33. + (.984)(.5571)(135)7/64.4 = 186 ft. 
HSV(2) = 33. + (.577)(50.7)/64.4 = 6B01 He. 


ae Noose sen— 1007 

921/1031 = 0.8933 

Hemme VRIP = 182) ht/sec. 
ieee eey oat loy(le2) (15) (ive 409) = 1,42.7¢. 
Pease OO) 7 (ler 2 ile (oet4loje=— 1220 rpm 
SSS = (1220)(158.4)'°?/ (56.1)'72 = 7h9 


HX 


* note: This suction specific speed is 15,900 in the usual 
dimensions of “ora ae Latta 0D /eer Oe and below the 
TO SOC Om amante 
S70 (32.2)(1031)/(182)* = 1,002. Therefore, 
NSTG = 3 
Cl ON et) ei et D 


O15) ae ee 
RX = -.5(1,.007) + GL Oo B= + 1.0) + .8933 
= ,9664 
165 
Die U2) e—edyO (1 3.000712) (ia te) ) nO eo dS). 


= ,9113 
PRC(2) = 2.0(.98)7(.9113)(5.14 - 1. - .1399(1.2)/2 
mies oe) (250m (sa) a 577) 
02748 


BEG 





The required power at hump speed is: 


ere 000) 50. 7 01s ete 1 1.2)(.1399) (325,000) 
wpe 15 ZIBB Oy 


7 


= eo 7emO Vt, sec. 


The available power is: 


(550)(,.2748)(22,500)(6) = 2.04x10" 


ft-lb/sec. 
Therefore, there is sufficient power to accelerate over the 
hump. , 
ETAX = -1.7(1.007)* + 3.42(1,007) - .72 = 1.0004 
ETAP(1) = .9113)(1.0004) = ,9114 


Ge) 


I 


2(.98)"(.9114)(1,046 =.98 - .1399/2 +.1399/2(135) 





= ube 

The power required at cruise speed is: 

230,000(135) + .1399(230,000)/2(1.946 -.984 -.1399/2) 

= 3,106x10’ ft-lb/sec. 
and the avalable power is: 

(550)(.481)(22,200)(6) = 3.524x10’ ft-lb/sec. 
and the vessel has sufficient power to cruise at the design 
speed of 80 knots. 

Peli ed 2207), 96648 ) = 1079 rom. 

Vee ied di79(2) (9.1416) (1 p42) /60 = 175.3 ft/sec. 
Call subroutine WEIGHT. (NSTG = 3) 

ALP = 2,03 

CWe= 439.5 

DiSa=eeues it. 
The pump dry weight is: 

XWD = (439.5)(2.84)°'7(6) = 29,089 1d. 

an See 





ir GP 


APUP 


= (2.2.0 3 ) = SWS eae 
e785 28h )- (61) = 5.76 Tt” 


The weight of the water in the pump is; 


XWW 


SEONG Se7ONe Cl concoene) (cnn = 6.671 1b. 


The weight of the inlet system is: 


XWIN 


~ (4.9)(958)1°? = 139,000. lb. 


XWENG = 63,000. lb. 


CERT = 9400/1220 = 2,76 


SHPCL) {0 so L322) host oei et = 19,573 hp/pump 


291145 


Sale (A) Gl Sie) Gena Cet atosnt - 
TSEOTET COLTS SEIT. O8 i Seto ee hp/pump 


The reduction gear a-factor is: 


Rem 7 30 (3.78)? 7 


3400 (2.78) = 124,16 


and the resulting reduction gear weight is: 


XWGR 


Sieyoul 


= (9500)(124.16)(5)/(500) = 14,155 1b. 
= (1179)(159.5)°9/(186)'"? = 295.6 


| 


minestandard Units, sool = 6,267. 


CAL 


= 230,000/(2000)(2240) = .051 


VOTERIA = 135. + 135(.1399)/2 = 144.5 


ETERM = .554(135)“/ 64.4 = 157. 


SCON? 


1.99(32.2)(3.655)/550(.9114)(.98)° = .487 
1000(1.629)/135(20) = .625 hr. 


144,5/2 wl144.5) /4 + .051(2240)(2000)/1.99( 3.655) 


Boewre/ Sec. 


See 





SHNG = .487(262)((262)°/64.4 = 157)/6 = 19,500 hp. 

SFC = 41/(19, 500/22, 200)" 423 lb/hp-hr 

ieee To S004 .o25)( 6) = 31.050 1b. 
Which is the weight of fuel,for the first time interval. The 
weight of fuel for the entire mission is: 


XWF = 598,000 lb. 


WTRAT = (29089 + 6671 +139000 + 63000 + 598000) 
2240( 2000 ; 


= ,189 
WTOT = .189(2000)(2240) = 850,000. 1b. 
MetumMm co Subroutine PUMP. 
iene OO ot ez ed 5) /1 75.01 oe.) = 156 
XDRAG = .1399(1.99) (9528)(135)/2 = 18,000 lb. 
RESIST = 230,000 + 18,000 = 248,000 lb. 
Return to main program. 
AINLET = 958/135(.8)(2) = 4.33 f£t* 
AD = 5.76(6)/2 = 17.3 £t° 
DR = 17.3/4.33 = 4.0 
VAF = 950/50.7(.8)(4.33)(2) = 2.7 
AR = DR = 4,0 
HIN = V¥4.33/4 = 1.04 ft 
AIN2 = 2.7(4.33) = 11.7 £t* 


POU ge 2 (O40) te 8 et 
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APPENDIX C 


COMPUTER PROGRAM DESCRIPTION AND USER'S GUIDE 

The computer program consists of the main program and 
three subroutines, After reading in the data on the ship, 
engines, and inlet system as described below, the main program 
Parse SUubrOuUtINeG SHoiN:, This subroutine computes the inlet 
system's internal efficiencies at hump and cruise speeds and 
mae Imlet drag coetficient for the inlet specified. It returns 
these and "CU" which is the ratio of the entering water's 
momentum velocity to the vessel's speed. 

The main program then computes the jet velocity ratio 
for maximum propulsive coefficient. Using the resulting 
velocity ratio and an assumed pump efficiency of .90 and 
nozzle and gear efficiences of .98, the program computes the 
number of engines required. 

Since the jet velocity ratio is the only system variable, 
iaesproeram is quite Simple. The vellocity ratio is varied in 
steps and subroutine PUMP is called. Subroutine PUMP returns 
the systems weight ratio and other data. The velocity ratio 
1s increased until either the number of required pump stages 
exceeds three or the required power at either hump or cruise 
Speeds exceeds the available power. The calculated data’is 
then printed out and execution terminates. 

Subroutine PUMP uses the equations developed in chapters 
beand + to find the required flow rates, pump heads, and net 


positive suction heads at cruise and hump speeds for the given 
6 Or 





few eoloclty Mauro, lb them adesiens the pump using these values 
and the tip velocity and suction specific speeds constraints. 
The pump is designed at hump speed to meet the stated criter- 
ion. The pump efficiency is determined by the pump diameter 
and a test is made to determine if sufficient power is 
available to accelerate over the hump. If there is sufficient 
power, the cruise speed performance 1s calculated, the pump is 
tested, and subroutine WEIGHT is called. 
Subroutine WEIGHT uses the equations developed in chapter 
4 to calculate the system weight. The exit angle of the 
diffuser is assumed to be 45 degrees and the transition pipe 
between the diffuser and the pump is assumed to be straight. 
The length of the pipe is then 1.414 times the difference in 
height between the Ruteeu ser and pump. The weight of the water 
in the pipe is calculated using this length. The user may 
wish to vary this angle and include other weights such as the 
weight of the pipe itself or a nozzle weight (XWPIP). 
The user of the program must supply the following inputs 
to the program: 
ieieitac Lertormance data. The first twelve dava 

cards in the program at present are engine data 

Corde me voce ts TlOr FROGRANM VARTABLES.,. PERF 

(NeISHGN) "4. BELO } 


Carhedatas Cacd containing : 


TENG - The tyne of engine to be used 
tie ie Lyperot inleroto be used 
NGT - The number of engines to be used (optional) 


Due soe ta. Card Containing: 
Hs"—= The herent of the diffuser exit above 
the inlet in feet 


ae GAliee 





HEP - The height of the pump above the 
inlet in feet. 

HEW - The height of the outside waterline 
above the inlet in feet, 

CAG — Mhievaceeleration coeiiicient, 


m datvascard Containing: 

VO ihemehnwnm secruisercveed im knots 

VO (2) - The Ship's hump speed in knots 

DRAG (1) - The hull drag at cruise speed in pounds 
DRAG (2) - The hull drag at hump speed in pounds 
DISP - The ship's displacement in long tons 

RANGE - The range in nautical miles 


ety ya 





AD 
AINLET 
PN 
IB Oalh 
fee UP 
AR 


C 


CAC 


CAL 


CDIN1 


SDIN (1) 
COR1 


BOR 2 


CU 


CW 


CWIN 


D1s 


Pool 


DEL 


its Ob PROGRAM VARIABLES 


- Diffuser outlet area 

- Inlet area at ‘cruise speed 

- Inlet area at hump speed 

- Jet area 

- Pump inlet area 

- Inlet aspect ratio 

-~ =(CU)* The Square of the 
ratio of the momentum 
velocity of entering water 
to the ship's velocity 


= Vecelteratviom, cocliracivent 


- Ratio of ship's drag to 
displacement 


- Inlet drag coefficient 
at cruise speed 


- Inlet drag coefficient 


~ oe tacltOm rt Or eOk. 
1 


- 1 eect factor tomes eAOs 
2 


- Ratio of momentum velocity 
Of inlet watersto Shin's 
velocity 

= FUND. Wel2ehnireocim1cilen. 

- Inlet system weight coefficient 


- Pump inlet diameter 


- Inlet drag coefficient 
(subroutine weight) 


- Increment of change in 
Neu VeElociuy rauio 


ee cee 





DIS, 28), 


DISP 


DR 


DRAG (T) 


DRAT 


ENETA 


ETAI 
ETA2 
ETAOA (1) 
BrAP (i) 
ETAX 


GERAT 
HA 
HE 


is P 


HEW 


HIN 


Displacement after removing 1b 
fuel 


Displacement - entered in 
long tons converted to 

pounds 

Diffusion ratio 

ship's drag lb 
RauLo Of pulnp’sS Inlet 

hub radius to blade tip 
radius 

Overall internal efficiency 
times the square of the ratio 
of momentum velocity to ship 
velocity (used in subroutine 
weight) 

Noa at cruise speed 

Noa alin) Jonulie) -sieletsxel 

ROA 

Pump efficiency 

Ratio or Off desifen point 
pump efficiency to design 
point efficiency 


Acceteration due to gravity ft/sec* 


Reduction gear ratio 


Atmospheric pressure head feats 
Height of diffuser outlet lea 
above baseline 

Height of pump above it 
baseline 

Height of outside water- fe 


line above baseline 


Inlet height (dimension) Saag 
at cruise speed 


oe Ae 





HIN2 


HPP(TI) 
HSV(I) 
HX 


IAR 


TCONT 


LENGN 


er iN E 
PREAD 
ISTEER 
LAST 

NGT 

NSTG 
PC(L,.™M) 
PCA(L,M) 
PCIMAX 


PC2MAK 


PC1VJI 


1 


a Se tI I tla 


fod pd p> 


Inlet height (dimension) 


at hump speed Ct 
Heaad across pump seat: 
Net positive suction head dea 


Ratio of pump head at cruise 
to pump head at hump 


MiDuce to Deo sram 
I, tOmee,> aspect ratio inlets 
2 for varying aspect ratio inlets 


PiEeop ratime On cco 


Type of gas turbine 
Seu oo 

- TF 40 

- Proteus, 1500 RPM 
- Proteus, 1000 RPM 
-~ Tyne 1A 

Tyne 1C 

- FTi2 A 

- LM 1500 

- LM 2500 

- FT4YA-2C 

- FT4A-12 

- FT4C-2 


DION DON) ONUN 2) fOr 
t 


Output device number 

Input device number 

Preogram Control 

Program control 

Number of gas turbines 

Number of pump stages 

Inducer stage characteristics 

Axial stages characteristics 

Maximum overall propulsive coefficient 
Maximum ‘false’ propulsive coefficient 


(ship's hull drag times cruise speed/ 550 
SHP) 


<. 
Jel Vie LOCI bya tlout Or PCINAX 
BGs = 





PC2VI 


POOEF (J,K) 


PERF (N,IENCN) 


Fa 


Plate 


al 
EGP 
PRC (1) 


rent. 


PRNC1 


ae (7) 
eq (1) 


QX 


RANGE 


RESIST 


RHOW 


Jet velocity ratio for 
PC2MAX 


Pump length and weight 
coefficients 


Engine data where N is 

1 - Normal SHP 

2 - Maximum SHP 

Sasol C eb norma lsh 

4 —- RPM 

5 - Weight of engine (dry) 


Punp flow Cocriicerent at 
hump speed 


Pump flow coefficient at 
cruise speed 


Constant = 9 3.1415927 
Pump length 


Propulsive coefficient 
(overall) 


Propulsive coefficient 
(overall) main program 


Propulsive coefficient 
(false) main program 


Flow rate through system 


Flow rate through each 
pump 

Ratio of flow rate at 
cruise speed to flow 
rate at hump speed 
Ships Range 


Total resistance of ship 
mmetudineg anlet drag 


Density of water 


ee 


HP 


Hie: 
Lb 


‘HP > hr 


RPM 


ft 


tt?/sec 


ft?/sec/ 
pump 


nautical 
miles 


lb 


Slug - ett 


S11 S116 





RPM (I) 
RPM2 


RQ 
REP 
RX 


SFC 
SHI 


SHNG 


SHP (TI) 
SSS1,2 


jul 


VJ 
VJIVO(T) 


PLP (i) 


WIDTH 


WT (K) 


WTHIN 
WTOT 


WURAT 


Pump RPM 


Pump RPM at hump speed 
(subroutine SESIN) 


Reduction gear Q-factor 
Pump inlet tip radius 
Ratio of pump RPM at 
cruise speed to RPM at 
hump speed 

Specie Tue Le concumpr1 on 


Pump head coefficient 


shaft horsepower required 
after fuel is removed 


shaft horsepower 


Suction specific speed 


cruise speed and hump speed 


Time interval for fuel 
consumption calculation 


Veraaple area factor 


(ratio of inlet area at hump 
speed to inlet area at cruise 


speed) 


Sup Velociiy sinpun and 


Subroutine SESIN remainder 


of program 

Jet velocity 

Je baveloc aby cat LO 

Pup otacde wy ye loc) Ly 
Wadtineotoim les opening 


Weight of fuel required 
for one time period 


Minimum weight ratio 
Total system weight 


Weight ratio 
Oya 


RPM 


RPM 


Ft 


Ieee 


lie 


HP 


nye 


KTS 


ft/sec 


ft/sec 


ft/sec 


ft 
lb 


ile, 


be 





WV I 


XDRAG 


SG 


XK 


XN 


XNGT 
XWD 

XWENG 
AWF 

AWGR 
AWIN 
Povey de 


AWW 


XX(J,K) 


Jet velocity ratio for 1b 
minimum weight ratio 


Inlet system drag 


Minimum weight ratio 
(subroutine pump) 


Reduction gear K - factor 


Pacvor tor SC versus 
power curve 


Number of gas turbines 


Pump dry weights lie. 


Weight of engines ile. 
Total fuel weight ile 
Reduction gear weight ile) 
Inlet system weight | Re 
Transition pipe weight lb 
(user may add additional 

weights) 

Pump water weight . 1b 


Main program outputs 
where 


1 - Jet velocity ratio 

2 - Weight ratio 

3 - Overall propulsive coefficient 
4 - False propulsive coefficient 
> 


- Shaft horsepower at hump HP 
speed 


6 - Shaft horsepower at cruise HP 
Speed 


7 - Suction specific speed at 
hump speed 


< 
‘ 


Pump RPM at hump speed RPM 


Eee ue 





9 - Number of pump stages 


Gye - Pump length coefficient 


*Note A. As used above.({I) indicates ship’s speed. 


I 1 - Cruise speed 


2 - Hump speed 


HOW 


5 (66 = 





QN393S/1333 31 SSILIDIWGA Laan) 
Gras alee! 
"OCS =X 
655° 1T=4 2H 
OL Ce) 
O° rr =V4 
P2557 od 
PeVCcCedS) d-4s 12 
(7 7eS Laney 1° GS woe JosgS) cac 
Gea ey SONG aawe ta oss ONY > Xi CJa SONY Wot Ode PVOSUNGOS Fo 1264 
Ms JVude astm as NOL seit la*s Vo atid SI] NAY SIA is oe 414i) ivan 99°s 
(Cyn Ce) dat LIGA (1) OV e 4aS1G. (ORCS: Nid) ) as 
CECT Sv a3 O01 
JTONVa dsl de (cjovuGe (Cl yovdG (Cy oN* (Tajo EOOe Lins aia ao 
(2 Clay litne Jd 20 91 
DVO MSHS d344SH (2COT S343 NT) Ive 
(slnyivntes 100) 
PON ae 1 NON P0019 seis 
JANTINID 
(E°OTS5) 1LVANOS 
(S*TH=T SOR PSF) sedag) (ECOCOTf Iv yl) ava» 
Aa We yaad fees See 
S=) Vid 4 
R=JV3uU] 
(ce jodde V5 9c) XX C2 Ne 2) ev No ie 
(Z)dHS* Lo d39' dNdV/VASN/NORMO OD 
C27 OV ds SINVUtdS lay cisisvi tn) 2 
CUDD° TSC 0S Ie a 6 
WX MORN Oe sg 7 eS N77 has 
LONX S$ LvyLy? (27'S) S89 d/05NId /NIANDD 
JH (2) 95d FHS NAHE OH/ AG JHA CHRO 
NIWD NDAD) 
INIGO*ND* 2713S 1Vis/ NI 4 / Narn 
LSVVIDISNINONAT SP Ivael fini ad FSUuUvIsSX Sans NONI 
Cadd*¢2SSSoaeeid 7 laa Naa 
WILSAS LIAFASIVM LIAUINI HSNIdG dIHS 194344533 FJDVAYAS 


Cy tN 
a ] 
t) 
et 


207 Og 





EveOk. oD 

CU OO Oe iS Ey aa hs 

Shs ie 

dad V0) 

SG iy NV ars, 

NGO bl ONG — (1) aA hn 

Coro - N44 

Oe (= ele es 

2° 3=¥vANT Od 

Oo D=XV acd 

2=f 1 

d=] 

(///E1S s=SINTING 3D HAGAN S XS) Le 
LON(TOOSS ANT tdi JA11us 

JINILNID 

. bela 8 ee. 
Ze VONSLON 


Gos sO) OT OG Srl ON elie) ONS ee eer ei 


Bo ey ie Oo STON ec) 701 OV JOINT UO leet (ON eat 
(EGE idles eax 

c=1DN 

OY Oia ae el 


Core le oN oy (linia a) eee te( wed a Ol eo ein 


oN lane C/U LNT ot CN do Vout) OAL AIS CL 1 =(1)oad 


CG ha 


(TIGA /E94—d5d) ade? Zt (CT VIOVISs ND«KND-LIVGs1IIVADLADS+LIVA=CTIOQALA 
CAT POAS* 2) CT INIT OOH" C0 ON] JO = 

IWIID=(1T) 81399 

Tadd-Tvisge(T)eoVLs 

G38° = SSIDITIDISSS dwod INV fuvqgfa37d77Z9ON S41 43 

PING ad Sai GNV <8" T=OAC AS SNIAISSV SMO2Hd itigds Low indwe3 
((2)0Ae(02) 9A) /9%* 2x ( ¥5J4-34)=2493 

(loath) One CoN? oe = Cx ao — 

SN NG 

629° Jax (aN = (i 4 

a ee ae Sem |S, 


Se 
LY 


7 


rt) 


WO O 


7) 





(°2s8°xX(TIOADJ(TIOHALAINIV 
29 NT bw) 
1G Odo 

VAIL OAL A= UT) DATA 
(OLSNI LVOTI=064I) XxX 
CWdu=(BlE)X« 

Co le CSS SHU LS XX 


CP) dds =0O2 1) xx 

(2) ds 1S cal x x 

TON Ha tr ex 
Logea(e.) xXx 

(ea) lia Wee (0s ec 

CI) BAP AS CLs xX 

7 ae 3 ee 8 Aiea ro aaa) 0 | 
T+ T=] 

ae a) 


HICH LI IATAH= Er ars 

OSI Dt 1S ya 

JNONT IND 

ee ON ee Ti, 

JONI LNID 

(TOA KREBS Oe 

TINEA =ke 20d 

EGeG? sO) CLINGd 1LO° xv ed 
JUNEINDD 

(TI DAPA=EE NI 

1Jxd=% Val oe 

€5 J) 09 (oad oes 
JONEINIGD 

(PL )OARAH=FAM 

LVXlAa=aNianla 

16 O1 ODE LVHLYT LIS NIA LN)! 
Peedi @9 (OT 29° LY dae 
(POG Set a jSetoNKI7 (1) DAs 1) oe ddRH 4 oad 
JNNE INDD 

oe ee emt hope th Schr my ke 


TS 


7 
Cy 


V2 





CCP Pred  xG iso tx ee al 

Gee en tee Pa hot GA eX SG Ph oat KPA OS Oat xy te OA hye)? 7 vA IS 
Cl ta to bar 1 ex 900 INT Sd Ps 1 as 

U/7 Sac is dAVHa*X2*° ae dJaddSa*XSt al 4S 1Va) 4° X92 

Spy tonya XGC/ ede XE CWNdde XS“. D131 09s 18 XO 6 IS 1d XG sel 
XE wiNS i D143 Xe ING lads et Ke alive {Xo Ol lve Ft xed ives 
(O07 INI sl is 

(sd3dannn dwtd NOTLONG 4440d3SuCH siete ayes: svelaloht 


FATS TNAd Ded JAILS VWNdOdd Pa9TaM- LALIT OOVSA TR ao 
(OOECYS INIaAd]T) ILla 
o> Ge 


ete Ne ee Oa Veo a Motivy DOA AIAI ls XE Sol ant Sc 
NOP? Dla eat Nal Olas) SAIS INdSSd. 35 IVa Whe xX Vn X97 Se O13 R81 
ACA £9 «6 ® 9° OTS seH=LNAIDT 45339 SAISTAdOdd WIVYXSNO WIWIXV OXS) IVEYUOS 
PNA NIWIM EAC od XVAC a “CALI d*X¥ewlod 40072>° IN ied laa 
CTI 77 Ola ae ee 
IVP eae SD NOT PINGS KOT So OLS 1s ae eke YHILIVS VAHV FJISv idan *xXS/7F 
O° OTs Sa e=xetuemwkaxe OLLVY NOISASSIG LAINE s $XGL Pho OTsS pact aacutns rarer’ 
wee HIGIM LIAINT ee §XS/b° OLS! pack ateyetk AGNIH-LHOISH LIINITs $xe tt? 2 
Oe at oes SSIS OH Lala Sa IN] 1° XS /7°O1S* 6 =e ec ee SANTI 
H-V3dV LSINT e SXCT Sbo oT Se axkecewaxkaee ASTANA V-G3yV LAI) Ff xc) eNOS 
tea aVAN- aa Hho IM CN THO NIH® CNIV LS INIV (0019* INI Gels 
NIH@daVA=cNl14 

LIINI Ge dVA=H2ZNI19 

SARTLNODO 

be JIL 99 

SIJ=49 

Jitiee J 2%) 

NideeVadl1lI1% 

(YAV/LAINIV)LXYOCS=ENI4A 

JYNIINID 

G* 2=459 

Ss. OL Cot 2° O04 | 

(°2eLIINIVxS* x( Z)OAI/ (CI O0=S4AVA 

PAINT VI =43 

“C/ LINX edNdV=TV 


Ob 


Cle7 


ola? 


D9 


C7 


i 
~~ 


GL 





IN 
goles 
afl IS Oe RO RRs a7 E 
bTa lel i 0G 7 
(090G5*° INI ddl )3L1 9 


- 7 — 





SLOT OAc ONS GeO. (CI OAS UCONN aS ccCCy =U 
SANT END) 

Nedide 

2° SSN 149 

aA Nee tC POA Cla hey=1 149 
eOOtax ol=— je [=> 
(Jt3u°2-J)e°OO0R/°CHT—° 92/ (5-3) =2 
"OC03/(3%°2-dt*7)=797 

Cae =) 

989°4(2) DAK«9 300° =4 

It°=J 

Sala Nes 2 ba a 

Poadg5V es 2G sod Na DISS 8 OV ate Ne ae ily) 
Dt( TL) IANeB F(T) CA-C1 )ONeVecV1L3 
G**°94+J*°3ZI-dz°Ol]=) 

(3%? dr sdt dyer 0087 Oe l="0727 (1-3) =e 
"COS/ (Ae* 2-dtQ) H9 

GOD = Gl= tc) JN Ge = 4 

Gave Si —-t¢c J} IA) =Gr 2 4 

VIO" mle Gl—(2) 34 =o) 7 = 

Le9°%=N) 

J+(1L) DA +t (LOA TL) ON eVEelViIS 

Oxe* 944° ST Hd" °OT=9 

(S45 3C—- 0) eco, ol Ory (a 1) 
"NCA/C4ax*cr-gt+d)eav 

GcCO5S “+102 ) GAKk9S00* —( 2) OAK 2) anes lOCe oe —) 
635° =3 

Co? =3 

Oe OF 090 tc se ay eet 

S bse eile oe 

LI3dSV G°2 AxOS AINSIDI3S5S3 TWNYSILNI VWIVYSADN 4D NIITIVIADIV) 
NIMD NDAD 

(ZY) DACAS (ZI CA/ IG 1247 RORROD 
ISVTSOLSNINONS IT SIV3Syul Sf INI ad] SUI /XAIdNI/NOANNDD 
INIGOSAD fF 2PLI*IVia/Nidvd/NGAWHID 

VIS3SS JNILACUSIS 


a 
Cor 


WU WU 


Pe ae 





ON 

Ne viide 

HR6* =N) 

t*b=NT MDI 

J+€T) DAed+( TI DA (LT) DA*V=EINIDD 
Ox°94t35n°S 1 -4x° 91 =) 

(3x°€-4#]) x°008/°O¥1L—*° 1¢2/ (3-4) =0 
“COS/(3¥°¢d=4 4g. 9 

Gl2°=d 

SZ EOCT 4 ( CI OAKCCI)  =( 2) CAS IC )UNaS Ie =O 
CET =4 

SLCC JUNI 0 - Gee =e 

J+ETI DAKBFECTIGAx(TIIASV=ETVIS 
d¢*°943x*Gl-d2°OT=) 
(Se°C-jg+])«°O098/°Gb1I-°02/ (4-3) =4 
“O008/(34°cr4t+I) =7 

5S" =4 

GGSGet (2). Ns Ceo = Cos ed ONO ie) 2 


> One 





ROUX Gls — lao 

© haga 98 Os eae ee) es 

gl =e so 

AVD*AD=9 

(2) OA4(ZJOALA*£LACV=al(Z)9 

CUVe vane (Cpen-z lary esGad) 7 (ec) oVeGeIVI4+ 10V4aeiov) Leos iy J= (2) aATA 
OUI CIN =)7 02'S "> -19094 

CCT yO Cane.) OR 1 CY 

COS 2/7 CTI NIGI—-NO-C( TY OAL A) € ET) OAEMO4U)/ 01) 2740240779 
(TJISTIANSD JNV 

(C)3SDSANVE LY HSdN GNvV GVSH GNV 4014 DSYINO|SA 3LNdN99 
CLINT -3990 

NDeNDeECTIVIVISG=EAVIING 

(PIN TIS as 

INT DO] 1) 

CAaOd-2Vi4a=( 72 IV oy i 

TRIS 1V lS Vi aa 

THDIS4 39 $19345453 add 

INS TIIT 45309 OVII GONG ADNATII dan TVNSSLNI TIVYSAC 1L92iNOD 
aah oe (are) ees ae 

O° 224 1 )dv ia 

hel OSes Cy eee nl en by Od oS 

el Oe = Oe i ti ae 

Candie te palin (68 2)Vod (6° 2) 0d ° 1 ZINIGD® (2 iyayis Accs Nase 
WX “OHS 9 bd 1S 9/7 ee 

LONX FIV MENS CCT 6S) Aad d/OSNIA/NGNE ID) 

(cd) ddH* (CI NSH* 1lVaed* (2) dV13* (2 Naat dI1IYd7 4 d/o 
JH§ (2) 9S d9H MAH S V4d/0V IAP OA I9 

LSP CSV LSNS SSCDI/AIII/NAIANID 

C2) OV Hd SON V a dS 7a 7 aie) 

C42) * 1dGD* DVD /V ANI / NIWA 

(2) DALA* (2) GAS DD AAS NORD 

INTOD* Df cv lLa* IVIisa/NIievdi/N DARD 

ES VolcoLSN NON 0 aa aN ddl" ay ly Xa Jove 

CANIN SCSSSSTDHd/INIG/NIAW)) 

dW1d SNI LACHES 


et 


ie 
a ee 





((ST6°—° T)xS9To we ( (dT Ly ke?) 999°C) -O°T=(2)d VL 2 
ally 

CCE ETIDdI/SXHFt CE IA-VIKRID) AX OEXOG)LHOS-KXSeVI—-=K 4 

Cer 1 POd7t1L? Lilde=2 3 

Cee oe 1) ide =7 3 

JT=HALNQ9D] 

T9SS9S TII(CTHKLNOIDIDGI 

Tae GIs GUS) Aes SN ie | 

Sm OS NCL tooo as) | 

L=DLSN) (Cte Crs Tass 

ZC=JISN 

= eee ae 9 ae as Go) Pea oS SS ea 

C(ZdGI LAC ZI GITLAD SOC) ddtlS=TYHS 

eee) ee cae See ee 

I= st S| 

JANE LN 

fs eee): ee 8, 

“T—(2) ATLAS CIGILA 

2S Die (aes le SS el 

1S Ji CO Ceo -esars hs 

Gh° meet C)ASA/S° REO ZI IO (2p AGHHRSSS 

(tds Cea] tay G9 Ca) di ii 27 Wd 

CUCivadely sd—" 1 el Ads 2) dl 1A 1lda)7 Cc) 08) ls0S-—dlla 
aie 

J=LNIDI 

Ce jae S | 

"914443 

SO) 2] Cde.d bia 

(2) ddHi/( 1)ddH=XH 

(2) poi] 

ee 
Py 3 
etsy 

Zant ind? 
(Dn°ZVSECCTIOAKCT OAK (CT) VIVLIS*9) +344 dF H-VA=( 1) ASA 


u 
es 
N 


(Se* ZV /(CCTIOAKCTIDAX (CCT) VOVESeO-CTIOALA KOT OAL A) 4+49H—dd4A=C1 PddH 


G? 


ee 
09 


OY 


7 8 eet 





Orel) btn at ced 
eee ee Oe eg eA ped | PAT 
"O97 dIT laslds” CX( 1) Ad sa(TI dT LA 
Kuk CNdy=HlT eda 
JINTINDD 8l 
A ee DS 
XVisde(d)dvVig=et(Tidvlq 
TQO*=XV1la (°O°31°XYls ld! 
(etc )VOdEXOx (C2) Vdtce x Ont 2) 9 gy iS 
SJIUNTINDD 92 
cS° 0806 (2=ISV9) 41 Fe 
FSO. 2 
(CVO) SaV/ VIPS CIC LV Od SKA HI 9 D-V O40 J) XO4K 9) LAOS 4 X Dav I-=* 
Cela Jd 71S 1 da 
Soe e ly dy Ge: hoy de yD 
A Viel Oe 
59 Jeo aol de Seo 
AN ele) a) ore 
By owe Oe Ee 
"1=C2rd Pina c Pd les 
Cie ale DON OSGSG%1IVXe (1) Otd (NING T Bij aisdal 
PoieeGece7 (bit (o-o—UL ONIN ec) / (1 OV SCs 1 INIT GOH tah C1) De) 
COCR GN i) ON (sheath 2os “C+( LP VIVE ae KH (1) OAPA< ( 1 eaen 7 Ol 


Soe NIU oe A(T YNTC SSH) OATA) eC dv lads S34 °%° c= (1 ad 
20ND 22 
XVids(cldvVis=al(l)dV13 


LO SAN a Oe a ee 
"ZVIdt+Ce ene € lve x7 la 
iat OD ie Cee) 
FINN OS 

297 Oe) 

Sl Chg: Peat crete 

See LN ee CNG be? Valsad de 2) ood k 5S a ae ec 

Pio ee aC INN moc ls Colour aac INI Soe 90 99 JV le) IAs 02) OV aad 
cae cology ot oiiad thon ctl c VOY 13a ChDAT Ae tc jOAR AIS (AZ) A ct 
Peer NLOO Fe e/OVIRICINTOOS= I= }OADA) Aco AV ae 36548 5 oe e246) oa 


Vee c pdt. UR ( 72 


= ae? 





Nuh 
CSIP Ola ve eee 3S 11d ION I 
ESTS34d VEO “XOT ol? Ola“ peek eke JSTHYD-DVeO LAWN) a* XS) ign oS TITE 
USTS sho oy IK C111 eS ih bee Tala 
(JI JC? OT] = ee ede 2 suk ke 
krokeorkt GANH-MO1d dWideSXOTSZ° OTA Sp saxumanxgeeeke SSINII-MI1G daNdild 
GAC Olea ee eee ee NIA oI ISN, dlls XO 2eQl as gee exec 
Ee ASTNADI-ALIDOITSAN di le ®XS/¥° OTS Spsrxaxee dWwNH-LN3IJI3339) rd1dol 
*XOT Sh ooT ss pamwekxe JSINYI-LNSIIDIS5309 MOIS 'XS) teeydd Ole 
Coy loo Cc yaLen (Pd tin ea lide (061 ee UN iit 1 um 
JVGIXF( 1) 292 sgeiSisad 
"C/(1 JOR S C1) O2ANOHNE U1 NI Jeo vax 
(2) Ncdd=Z2N40 
COZ VO0xU LI dl Int7iladel 2idl ins Cl) o3o-1 144g 
(i) Eos eo es od iN es, 
S55 =C 55:5 
PUNTINDD Ss 
Nate 
8) Cae ay 
(P77 7/068 Slave w=(VICArA Ly N@QILONGS ON SI 3yNdala XS) Ives 21982 
(dvs tcldvla* (TION A (2102 s* Iva Laid 6G 
ome se) > 
STINT oO re 
Oa See) 
OF Tec dl in=(2érailis 
E=)S7 1 
a eo 8 
Veo, 3°) 
~l=(e te eI ae aN 
sv t 
ivy¥l¥4=d949yX 
8° oa 29] CiVal fl 43S 
oi ¢ Fae oe fates Sea ee SS | 
149139" 1199 
JONIINID OE 
0) Seuieea 2) 


3 
Cc 

7? 
a 


i 





ae ee a ee 
JH+d3H-—(9%°Z)/ I(T) OAK(T)CASVISN Jen 3Ll3 
“Z/4ADIAGR(TIOAF( TT) DARHnWeSL9AN 
aad ice 

DS asx 

as tay (tio v ad 373 

; SSS + Ge cS 5G 

Glee a CL NSH/ SG? Hel ONK? (1 )00 44 ae KH SS 

ON 1 Da Gi = OMX 

PVB3975 CHa 1417849) © (NONAI ° 7) SH 2d71( 2c) GHsS=)2 

(UG "aee6°=( 1) dVlisdelLOvxx~° 05S) /(l) dank t ll) oso Ive les 
Cola 22 ele 

(Z)NdH4/(NONSIT S79) SNS dHalLV 499 

LONX*(NONSGI°6S) Sugdd=9OND4X 

Lot /LONXSeANGIVE (Aa —dS HH) 4944 044 lg x 

S°T#2#(1 )ORNINOENI AK 

LONX*D*4 DHdsd Vdd ld Jeo ch = = 4X 
(LVUGEeIVAG—" Tem” CxeS TU sessl =diidv 

dVXX eStG=d 1d 

LONX&O > Ce BST si 0= 14% 

dil Lux =2=Sitgd 

(2° 91SN) 3470 J5=%9 

(1° 15N) 33 99a=—4 1XX 

, SG. OEU YG. BiG 2) 76 ea or Sy Sed was te od sy 
(TerSiG* (V2) amet 2c) 440 0d NII 2 

| (CZ) d45* tous  dNdy/VANS4%/NINAID 
WX* MDH Oo dy LS ND07 Nam 

TONKS I VHLMS (21°S) s¥ad/D4dUuS4d/NIAN0)D 

(Zi) ddH! (ZIASH® LVuds (2) dVLe (C2 )Wde dl id/ WNA/NON 103 
3Y4*(2)9% J3SH MIS V/V I/ NOHO) 
(ZyYOVYITAINV YS dS 1 I7d1AS SAA 

NI“ MOUdWDD 

Lif y* vi35N3 65399074539 35/NIA04935) 

(2) DATA US)A7 Oo ISN oan 

B TSVie oS NON vat oN dd) dv l/ XIN IND 
, LHOTISM JNILAIYGV 


04 


81 





oXOT OL wes kee keke ee SADG1S AD HSIN ING XS) bts 9992 
LIAS PS SS ote vis. (ld ia (lo Wdd SN COC 1 as ae 
(s0LVO dadage® XID) LORNII 9762 
(JOCZ* INI Bd TD ALigs 
(F776 Ula" stolons SAS Ilo XS ros 9042 
Wa OSV INI a) ins 4 
(2° Ola y= -d3ive Dye lL aay | 
Se°Ol4ea= 1402 eo Ol Ss y= dol VM odin da Xe Pd aoe e0eZ 
dIdAXS 44x Max (NOEZSINIMYATI JLT 
(Z°OTS£ c= ANZLSAS LIIWI ne OLS = eae a ea 
Nndasd 066 2°OTS$s= INIIONG 1° o- 1 lSe* t= Ad oedwiida” Xo I J) Voie eae. 2 
NIMX*HOMX *ONSMX OMX (OOZ2*INIddAl JLo 
(pe ere eee ram 
fe*Odgi= OILVY ALIDOVIA Lv SLHOISM WSLSAS BROCE ey a oO le 
(1) DATA OCT? INI a4] ) 3s 
OO Lec Td a= bay 
“OOT*(T)}dvl13=(1)d¥13 
JWI ID 9 
NYULI99 
7 Deo Fe Da is 
Bea O93 COS ees] 
dS lQs1 oy y= ons 
dSTO/S(SMX4FdDMXF9ONAMX4¢d LGMXFNIMXFN4X4+ INK DHL VMI 
J NT IND Ot 
44X4+(7T) b4=44% 
LON XH) ONAS Ss 04S 4 
(NXex ((NONS TST) SYAdSINAHS )I/ONONZI SE) Ae daz94d5 
GL°EOHNX CONONITS Tsu ade2° O° LV ONHS) J] 
Go> VENX 
PON K7 (nea lS (9% C/T NET ADA LNs ONS 
(CLIC VeEMOHY) SCT )STOk 1WVDF° V/NHSLOAK AHS LOA) LdOS+ ° 2/WADIODARELA 
(T-T) LM-(CT-POST7=01)S8S19 
Ner2 = |e 99 
(°9Ze(T) 0A) /689° LeIINVe=Tl 
I Z=N 
(66°*86°*x(1l) dV¥laoe’CSS)/LIC Ve Da4UHY =LNODS 


G2 





ON3 
Nets 
Cie ers = HOM XG oe Ga se -ONTN AN V Id OD WolSASs 4s) iy naa 
Lehre (1) INE COTO Ce Nida ei 
aains t 
2° L=)Vver 
Nudidad 
(F°OT 4 epee kakakaekcke ek ee GIIND DT Ghd SXOT SE OCT aS paxakxeed 
woke YIJLINVIG LAINI dAnNds®XSG/2° Old apart chk eke ee dWiH-JIVIH dikndel 
MIT 2 > Ol 4 = OO ee ork oe ae 48117339-073H dn tds® XS) LVWNO4 
did®SIG® (2) ddH (ET) ddd (OT9OZS INIT uXdTIaLigs 
(2°) 4° sae xe 3515 
fee (vohe Pos S Ode on XK Ol cools tee SS) Vo -J440s “24idsS Nasi 
6XG/¥°OL4S pzcxkerxik DNNH-AINSIDI ASS dN dds SXOT So Old Sa ark xaeed 
3SSINAI—-AINSIDT4d3 dada S XS/Z2° OSS saxekee eek eee ISTNAI-wWdis dvddal 


Cs 
a> 


NTA? 


dle 





PoOC% 


POI 


PUCcu 
"COZY 
SC 71 
OOGE | 
SOG 2 
= Olea 
(CORE 
pO) 8) ere 


\ : 
Bete 


BOo ce 
cals) |! 


ae ORT OR | 


JC IG er 


can 


S20 VOR? 


Or 
INS oes NOI VdSsTaooY CNV S Peo laa 


SdCAL LS INT ONY ads Lean ONG 


alors? 
0 Oe 
7 ae 
7 
"90SS 

e125 
mun Lt 
ser 
eee Ol 
a OR On| 


J0S71 


SOS oN 


2) 2 & 
is a 
CaN 
Ly? 
SiS.) 
oy Aas 
Ly” 
Oe 
e9* 
Co 
GS 
SG 


ins “08 
Viva dIJds 
Gos G29 
WILSAS 
9 5 
“Jobe a 2 
GS og ye lc 
ae GGT 
ea Noa aac 
“9G Fil DO ne cml 
“IES Nec? 
ees. 2G oie, 
G24 £ ie ee 
Foi yee a 3 
= ORGS 2.9 
75 50 “V6 07 
“3462 6 are 
viv} 3NI9N3 
INdNI 30dhVS | 


ic 


¢ 
y) 
J 











Thesis 
J543 





ieae* WK 


Johanek 
Ootimization of water- 
jet propulsion system 
for surface effect ships. 


thesJ543 
ptimization of water-jet propulsion sys 


DUDLEY KNOX LIBRARY 





